INTRODUCTION
High levels of spatial genetic variation have been reported for a number of organisms (e.g. mussels, Koehn 1978; landsnails, Johnson 1976 ; black flies, Snyder and Linton 1984; and cicadas, Archie et a!., 1985) but such differences have seldom been recorded in situations where the animals move regularly between sampling areas. Some authors (e.g., Ehrlich 1975 , Shaklee 1984 have suggested that high levels of movement between sites is sufficient to negate any genetic differences due to selection or drift.
In an earlier study of monarch butterflies in south east Queensland we found high levels of genetic differentiation between closely spaced sites (Hughes and Zalucki, 1984) . As monarchs are highly vague and move freely between closely spaced sites (Zalucki and Kitching, 1985) , we suggested that our results reflected differences between genotypes in habitat preferences rather than any differential selection between sites. For example, some genotypes may spend more time around large patches of larval food plant (milkweed) than others. Such differences in behaviour may lead to differences in genotype frequencies between dense and sparse areas of food plant.
An alternative explanation for our results is that there are differences between genotypes in activity times, due to differences in efficiency of their enzymes at temperature extremes. Such differences have been reported for other butterfly species (Watt, 1977) and could lead to the impression of between site differences if sampling was carried out on days with differing weather conditions.
In this paper we examine further the levels of spatial variation in monarchs in south east Queensland using two gene loci, Pgm and Hbdh.
Monarchs were sampled from milkweed patches on two occasions: once, on a similar spatial scale to a previous study (Hughes and Zalucki, 1984) but at a different time of year, thus allowing us to compare levels of variation between seasons, and once at the same time of year as the previous study but on a more restricted spatial scale. In the latter survey we chose sites in two categories (milkweed patch or not a milkweed patch) and recorded the temperature and cloud cover at the time of sampling. This information should help to distinguish between the two explanations of the between site variation.
MATERIALS AND METHODS

Sampling
The sets of data were collected in September, 1983, and February, 1984 (Sokal and Oden, 1978) can be used to detect positive, negative and/or absence of correlation between neighbouring sites. Correlograms can be used to detect spatial pattern at different scales by connecting sites at various distances apart and calculating the autocorrelation statistic. We constructed correlograms by connecting sampling sites which fell within an annulus centred on each site.
The annulus radius was then systematically increased and Moran's I calculated for each set of connections as in Zalucki et a!., 1984. The weighting given to each pair of neighbours was set to 1/d2 where d is the euclidean distance between a connected pair of sites. This weighting corresponds to a diffusion model for monarch dispersal, with close sites more heavily weighted in the analysis. We treated the frequency of each allele for each sex as an interval variable for each site sampled. for either sex. Also there were no significant differences between sexes (figs. 1 and 2). 
RESULTS
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Spatial autocorrelation
To further define the scale and nature of the spatial genetic variation we used spatial autocorrelation techniques. Correlograms were constructed for each allele for each sex for data sets 1 and 2.
Analysis of the first data set revealed no significant correlation between neighbouring sites at any spatial scale. Substantially the same result was obtained for the second data set (figs. 5-7) with random distribution of allele frequencies at most spatial scales, but there were some notable exceptions. Nearby sites (within 3.1 km) were significantly (p <0.05) negatively autocorrelated for the Pgm-S allele in males (fig. 5) ; that is, nearby sites have significantly different Pgm-S frequencies. In females the Pgm-F allele frequencies were significantly positively autocorrelated at long distances (9.3±3.1 km, fig. 6 ). For the Hbdh-F locus, males and females again show a different pattern of spatial arrangement, with frequencies being randomly distributed by site in males, but a significant negative autocorrelation was detected for distantly (9.3 km) connected sites for females ( fig. 7) . As the butterflies are quite mobile and fly freely between closely spaced sites (Zalucki and Kitching, 1985) we considered that geographic separation was unlikely to be affecting allele frequencies. In other words, we are probably looking at subsets of a single population. Two possible explanations of the observed patterns were considered: first, the differences may be due to different habitat preferences of the butterflies with variation between different types of milkweed patch; e.g., those with densely packed plants and those where the plants are only sparsely distributed. Second, the differences could be due to variation in activity times between genotypes, and as the weather conditions and time of day of sampling varied considerably between sites, the results may reflect these differences, rather than real spatial differences.
Habitat preference
To examine if differences were due to differences between habitat types, sampling sites were placed into one of two categories, either "patch", where the milkweed was fairly dense, and "non-patch" where plants were very sparse (less than 1 plant per m2). Contingency table analysis (separately for males and females) showed no differences in genotype frequencies between patches and nonpatches. When comparisons between specific genotypes were made between patches and nonpatches (using tests of proportions, Freund, 1979) some differences were found, both in males and females (table 6). For Pgm the SM genotype in males was more common in non-patch sites (p < 0.05). Also the frequency of the SF genotype in Hbdh was higher in non-patches relative to patches in females (p <0.05), but the reverse was the case in males (although this difference was not significant-see table 6).
Effect of weather
When sites were pooled according to weather conditions at the time of sampling (table 7) , contingency table analysis again showed no significant effect of weather conditions on genotype frequencies (p >0.05). Tests of proportions showed that at the Pgm locus, the frequency of the SM genotype in males was higher in samples collected on fine hot days than on cool cloudy days. In females a significant difference was observed in MF and FF frequencies. At the Hbdh locus there was no significant difference between samples in males, but in females there was a significantly higher frequency of the FS genotypes in samples collected in hot conditions than in those collected in cool conditions. z 0
---S. When sex differences were examined in relation to weather categories, at the Pgm locus, significant differences were found in SM, MF and FF genotypes. In some of these cases, at least, the difference is reversed in different weather conditions (table 7) . At the Hbdh locus there were significant differences in genotype frequencies between males and females. Heterozygote frequencies were calculated for each locus. For Pgm there were no differences between samples collected in different weather conditions, but there were differences between males and females, with significantly higher heterozygote frequencies in males than in females for both fine hot and fine cool samples. For Hbdh there were no differences between sexes but in females the heterozygote frequencies were significantly higher in samples collected on hot days than in those collected on cool days.
An autocorrelation analysis was carried out on weather conditions, using the same annulus widths as for the analysis of gene frequencies. This showed negative correlation between distant sites ( fig. 8) , which is similar to that observed for Hbdh. The geographic pattern observed for Hbdh, but not for Pgm, could therefore be explained by weather conditions.
DISCUSSION
Both sets of samples in the present study revealed low levels of spatial genetic variation (mean F1 = 0.0073 in the spring sample and 0.0065 in the late summer sample) contrary to the result of the earlier study (mean F1 0.032 recorded in a late summer sample; Hughes and Zalucki, 1984) . The two studies are not directly comparable as we surveyed two enzyme systems in the present study as opposed to four in the earlier one, and we were sampling in different geographic localities on a different scale. However, this result suggests large year to year and seasonal changes in genetic variation. Continuous sampling of a few restricted sites indicates that this may be the case (unpub. data) This sample of 16 sites was taken in a relatively small geographic area (figs. 3, 4). Such fine scale variation in what is a highly vagile animal (Zalucki and Kitching, 1985) could be due to either habitat selection (see also Powell and Taylor, 1979) or weather selection (see also Watt, 1983; Watt et a!., 1983) . Zalucki and Suzuki (1987) in a study of the effects of patch type on adult monarch population parameters, showed that the largest differences occurred when comparing patches and nonpatches. Although in this study there were no overall effects of habitat type on genotype frequencies there were differences in specific genotypes so habitat selection cannot be ruled out entirely.
Similarly for the effects of weather, there was no overall effect but some differences were found in specific genotypes. Some of the spatial pattern in the Hdbh-F allele could be due to weather effects; however, this is not the case for Pgm.
The non-sex-linked differences in gene frequency (Hughes and Zalucki, 1984) were confirmed in the second sample of this study. Theoretical studies (e.g., Mandel, 1971; Kidwell et a!., 1977) have indicated how such a result might be explained if natural selection acted differently on males and females. Habitat and weather selection could also differ between males and females. If this were the case, we would expect the sex differences to reverse in alternate habitats/weather conditions. This was observed in some cases but not others (see Results). Our analyses indicate that weather conditions at the time of collection differentially influenced frequencies of particular genotypes in males and females. This result could explain both the spatial and sex variation reported in Hughes and Zalucki (1984) . In that study we sampled sites within localities on the same day but of necessity at different times of the day. If, as we suggest, different genotypes are active at different times of the day, then our samples would be biased according to the time of day and the weather conditions in which they were collected. The between locality variation would appear to be higher than it really is.
